The total potassium of the soil was determined by the Na 2 C0 3 fusion. The acid soluble potassium was estimated by treating a 5-g sample for 20 hours with 50 ml of N HCI at 50°C, and the exchangeable potassium by an extraction with 1 N ammonium acetate in the ratio of 1 to 10 for 1 hour. All the potassium determinations were performed by an EEL-flame photometer.
The fixation of potassium was determined either by the »wet» method used by Schactschabel and Köster (9) in which 10 g of soil is shaken in 25 ml of 0.01 N KCI for one hour, 25 ml of neutral 1 N ammonium acetate is added, and the suspension shaken for an other hour, or by the »dry» method of the same writers in which the KCI-suspension is dried at 80°C before an extraction with 50 ml of 0.5 N ammonium acetate. In addition, a similar »wet» procedure was used in which the period of contact in the KCI-suspension was 18 hours. The fixation of potassium from various applications was determined by the rapid »wet» method using 0.0025 N to 0.16 N KCI-solutions.
Results
The total potassium content of the samples is relatively high ( The fact that drying the KCI-suspension has exerted different effects on the potassium fixation of the different soil samples also appears in the relatively low correlation between the results of the »dry» fixation and those of the »wet» methods. The total linear correlation coefficients between these variables are only o.73*** and o.7B***, the former value indicating the relation between the »dry» fixation and the »wet» fixation during one hour, the latter during 18 hours.
In the previous study (2) the fixation of potassium under »wet» conditions during one hour was positively correlated with the contents of finer and coarser clay, and pH of the soil, and negatively correlated with the content of organic matter, although the connection was not particularly close in any case. In the present small material the »dry» fixation does not seem to have any connection with the clay content, but it is positively correlated with pH (r = o.7s***) and negatively correlated with the organic carbon (r = -o.63***).The content of acid soluble potassium is not related with the »dry» fixation, but a low negative correlation appears to exist between the latter and the content of exchangeable potassium (r = -0.40*). In the larger material studied (2) there was no correlation between the »wet» fixation and the content of exchangeable potassium.
The amount of potassium applied in all these determinations was 2.5 me K/100 g soil. The fixation of potassium under the »wet» conditions was also studied, when the applications were one half or one fourth of this amount, or twice, four times, eight times, or sixteen times as high as it. The period of contact was one hour. These results are reported in Table 3 as the percentage of the application.
The pattern of the fixation in the various soils differs to an appreciable degree. Generally, of course, a larger part is fixed from the lower applications than from the higher ones. Yet, there are several sampels which have fixed an only slightly lower portion of the application of 40 me K/100 g than of the application of 0.625 me K/100 g. In these cases the fixation has been mainly less than 20 per cent of the amount added. On the other hand, there are samples which have fixed almost completely the lowest applications, but only a moderate part of the higher ones. The most striking example is the finesand soil Sa 1 b with a fixation of about 90 per cent of the applications of 0.625 and 1.25 me K/100 g, and 18 per cent of the highest addition. The silty clay sample Le 1 c shows a similar tendency, though less distinctly.
Thus the fixation ranges from 10 to 91 per cent of the 0.625 me K/100 g added, but only from 10 to 32 per cent of the application of 40 me K/100 g.
The highest amounts of potassium fixed by these soils during the one hour's contact with a KCI-solution range from 4 to almost 13 me K/100 g. It is obvious that these quantities do not represent the maximum fixation capacity under these conditions, although the maximum will be relatively near for samples such as the finesand soil Sa 1 b.
There is also a feature which may be noteworthy. The highest fixation percentage is not always to be found in connection with the lowest potassium addition. For example the samples Vi 2 b, Vi 2 c, Le 1 b and Sa 1 c have fixed the highest relative amount of added potassium from the application of sme K/100 g. In more than one third of the samples a somewhat lower part has been fixed of 0.625 me K/100 g than of 1.25 me K/100 g. These small differences may, however, be due to the short liming has been able to increase the fixation more than 20 per cent in most soils, the results, even at the highest level of lime are moderate despite of the markedly reduced acidity. Thus, it is not only the acidity which in these acid soils limits the fixation of potassium.
In an other incubation experiment the silt soil samples HP 1 and HP 2, and the loam, clay loam and silty clay samples HP 3 were kept at room temperature for three months after they were treated with wateror KCI-solutions at the rates corresponding to 0.5 me or 2.5 me K/100 g soil. It appears (Table 5 ) that the application of potassium has increased the content of exchangeable potassium in the samples, but that particularly in the samples HP 1, HP 2 b and c, and HP 3 c at least three fourth of the added potassium is no more extractable with 1 N neutral ammonium acetate.
The amounts of potassium fixed when 2.5 me K/100 g was added under wet conditions are, in general, the lower, the higher the potassium treatment before the incubation was. In the silt soil HP 1 c, the amount fixed by the sample incubated with the higher addition of potassium is less than one fourth of that fixed by the sample incubated without the potassium treatment. On the other hand, the clay loam soil HP 3 a seems to fix potassium almost at the same rate at the various potassium levels.
Also under the field conditions the application of potassium fertilizers may to some extent reduce the fixation of potassium by the soils. In a longterm field experi- The combined effect of lime and potassium on the fixation of potassium was also studied. The incubation experiment, examined above, included in addition to the treatments with potassium, a treatment with CaC0 3 corresponding to 5 g/kg soil, and a treatment with both this amount of CaC0 3 and 2.5 me K/100 g soil. The samples incubated for three months were analysed for the fixation of potassium of an application of 2.5 me/100 g under wet conditions. The results are recorded in Table 6 .
The pH-values measured in 0.01 M CaCl 2 -suspension, indicate that liming has effectively reduced the acidity. Only the most acid samples HP 3 a and HP 3 b were not brought up to neutrality. The reduction of the acidity has exerted different effect on the various samples. The fixation of potassium is in the limed samples HP 1 a 56 per cent and HP 1 b 47 per cent higher than in the unlimed ones. In the samples HP 2 a and HP 3 a, the corresponding figures are only 9 per cent and 6 per cent, respectively. The limed sample HP 3 c has fixed more than twice as much as the unlimed one. These differences between the various soils may, to a certain extent, be connected with the differences in the pH and the buffering capacity of the soils, but other explanations are also needed.
The effect of liming on the potassium fixation appears to be almost negligible when it is connected with the treament with potassium applied at this high rate. Only in the samples HP 1 c and HP 3 c the fixed amounts are somewhat higher in the limed samples than in the unlimed ones.
On the basis of the content of exchangeable potassium in the samples of this incubation experiment an estimation of the fixation of applied potassium during the Table 7 are calculated. It also contains the data obtained when unincubated samples were analysed for the fixation of potassium by the »wet» and »dry» laboratory procedures using the same addition of potassium as in the incubation experiment, 2.5 me K/100 g soil.
The part of potassium fixed during the incubation appears to be of the same order as that fixed by the dry method. Incubation with lime has only slightly increased the amount fixed. While in all the other samples the data for the »dry» fixation are equal or somewhat lower than those for the fixation during incubation, 
Discussion
The results of the present study, for their part, demonstrate that the data for the fixation of potassium by soil largely depends on the procedure used for the determination. The amount of potassium fixed under the »wet» conditions from an application of 2.5 me K/100 g during one hour was, on the average, somewhat more than 80 per cent of that fixed during 18 hours, ranging from about 60 to more than 100 per cent. The amount of potassium fixed when the KCI-suspension was dried at 80°C was 1.2 to 4.1 times as high as that fixed without drying during one hour. The correlation coefficient for the linear relation between these variables was only r = o.73***. This may be partly attributed to the fact that some samples fixed under the »wet» conditions about 80 per cent of the potassium applied, and the application was for these samples too low to allow maximum fixation under the »dry» conditions. On the other hand, the relatively poor correlation is likely to arise from the differences in the mineral composition of the soils.
The fixation determined by the »dry» method was found to be of the same order as that occurring during the incubation for three months at room temperature and subsequent air-drying. Further studies are needed to show to what extent the results of the »dry» method would correspond to the fixation under the field conditions. The markedly lower results of the »wet» methods may, however, be more valuable from the plant nutritional point of view, since the potassium fixed under the »wet» conditions is claimed to be more difficultly available to the plants than the potassium fixed under the »dry» conditions (9) .
Even the fixation of potassium under the »wet» conditions was high by the samples studied. When 40 me K/100 g was applied, the samples fixed from 4 to 13 me/100 g soil, and this was obviously in most cases far from the maximum capacity.
There seemed to be different patterns of fixation. In general, the portion fixed decreased with the increase in the application, but some soils fixed an almost equal portion of all applications from 0.625 to 40 me K/100 g. Also the fact may be noteworthy that in several soils the highest fixation percentage was found not of the lowest application but of the second, third or fourth application. Similar results occur also elsewhere (12) .
Although the fixation of potassium under the »wet» conditions is supposed to be mainly due to the vermiculites and expanding illites (8) and connected with the clay fraction, also soils of a coarser texture are known to be capable to fix considerable amounts of potassium (2, 7) . In the present paper a finesand soil containing 18 per cent of the fraction <2 fx, fixed up to the application 2.5 me K/100 g more potassium than any of the other samples, or from 91 to 84 per cent of the amount added. The portion fixed by this soil decreased then rapidly with an increase in the application, and it was only 18 per cent of the addition of 40 me K/100 g. Yet, this corresponds to a fixation of more than 7 me K/100 g soil. Expressed as the amount fixed per 100 g of clay, it would be 40 me K. In the silt soils studied the corresponding value ranges from 26 to 61 me K/100 g of clay. These figures are so high that it seems to be more reliable to attribute a marked part of the fixation to fractions >2 /a, particularly, since it is known that there may be considerable fixation by the coarser fractions (1. 6). According to Barshad (1) a large part of the ammonium and potassium fixation resides in the coarser fraction of the soils associated with vermiculite-like minerals. and Soveri (10) has detected vermiculites in all the Finnish samples studied, even in the silt fraction.
The present observations on the the effect of the lime and potassium status of the soil on the fixation of potassium are in accordance with results of other studies (3, 4, 5, 11, 12) .
Summary
The fixation of added potassium under various conditions was studied using soil samples collected from three layers of ten mineral soils. The type of soil ranged from finesand to heavy clay, the soil reaction from pH 3.3 to pH 6.4 (in 0.01 M CaCl 2 ), and the total potassium content from 1.99 to 3.41 per cent.
The fixation against an extraction with neutral ammonium acetate distinctly depended on the conditions used for the application of potassium: on the average, without drying the samples fixed during one hour somewhat more than 80 per cent of the amount fixed during 18 hours, when the samples were treated with KCI--corresponding to 2.5 me K/100 g soil. Drying the suspension at 80°C resulted in a fixation 1.2 to 4.1 times as high as that under the »wet» conditions within one hour. The results of these two methods were not particularly closely correlated (r = o.73***). The results of the »dry» method were found to be of the same order as the fixation of potassium in samples incubated for three months at room temperature.
The results of the »dry» fixation were positively correlated with the pH (r = o.7s***) and negatively correlated with the contents of organic carbon (r = -o.63***) and exchangeable potassium (r = -0.40*), but they were not correlated with the contents of clay or the acid soluble potassium.
Under the »wet» conditions the relative fixation generally decreased with an increase in the application of potassium, but there were samples which fixed a rather low but almost equal portion of all the applications from 0.625 to 40 me K/100 g soil. The fixation from the highest addition was correlated with the clay fraction <0.6 fi, but not with the coarser clay, whereas the fixation from the lowest application was not correlated with the clay content.
Particular attention was paid to the intensive fixation of potassium by a finesand soil (84 to 91 per cent of the applications of 2.5 to 0.615 me K/100 g soil under wet conditions), and some silt soils. When 40 me K/100 g was added these samples fixed amounts corresponding to 26 to 61 me K/100 g of clay, which may be taken to indicate that in these soils also the coarser fractions may be associated with the fixation. 206 The fixation of potassium under the »wet» conditions by samples adjusted to various lime and potassium status in incubation experiments or in field trials was studied. Usually liming increased the fixation, although the effect was not always marked. Application of potassium salts tended to decrease the fixation capacity. When potassium had been applied at a high rate, the effect of liming on the fixing appeared to be almost negligible.
